The ISEMP program monitors the status and trend of water quality elements that may affect restoration project effectiveness in the Entiat subbasin. As part of this effort, the PNW Research Station (PNW) measures, analyzes and interprets temporal trends in natural stream water pH, dissolved oxygen, specific conductivity and temperature. The Entiat River is currently on the Clean Water Act 303(d) list for pH exceedence, and there is insufficient information to determine the spatial and temporal extent or potential causes of this exceedence. In the spring 2008, PNW redeployed data-logging, multiparameter probes at four locations in the Entiat subbasin to measure water quality parameters, focusing on pH. This resumed previous data collection that was interrupted by river ice in early December 2007. Instruments were again removed from the river in early December 2008. This annual report covers the period from
Introduction
Production of high-quality water is a vitally important ecosystem service in the largely semi-arid interior Columbia River basin (ICRB). Communities, tribes, and local, state, and federal agencies are concerned about maintenance of this water supply for domestic, agricultural, livestock, industrial, recreational, and ecosystem uses. A sufficient supply of high-quality water is also essential for an ongoing, multi-agency effort to restore depleted salmonid populations in the ICRB (UCSRB 2007) . The Bonneville Power Administration (BPA) is a primary sponsor of this restoration effort (BPA 2008) . BPA funds the National Oceanic and Atmospheric Administration (NOAA-Fisheries), Integrated Status and Effectiveness Monitoring Program (ISEMP). ISEMP supports the development of a region-wide research, monitoring, and evaluation program to assess the status and trends of anadromous salmonid populations, their tributary habitat, and effects of restoration and management actions in the ICRB (ISEMP 2008) . One of ISEMP's tasks is to support long-term status and trend monitoring of water quality parameters that may compromise effectiveness of salmonid restoration projects. A particularly active program of salmonid habitat restoration is underway in the Entiat subbasin, where all salmonid populations have been in decline since European settlement (CCCD 2004) . The subbasin currently provides critical habitat for three of these populations listed under the Endangered Species Act, including spring Chinook salmon (Oncorhynchus tshawytscha) (endangered), summer steelhead (Oncorhynchus mykiss) (endangered), and bull trout (Salvelinus confluentus) (threatened) (CCCD 2004 , UCSRB 2007 .
As part of a coordinated federal and state effort to monitor compliance with the federal Clean Water Act of 1977, point measurements of water quality are taken monthly at Entiat River mile 1.4 by the Washington State Department of Ecology (WDOE). In the 2008 WDOE Water Quality Assessment 305(b) report and 303(d) list, occasional exceedences of the state water quality standard for pH are documented for the period from 2004 to 2006 (WDOE 2009 . As a result of these exceedences, the Entiat is listed as a "category 5" impaired water body by WDOE, and this listing was approved by the U.S. Environmental Protection Agency on January 29, 2009. A category 5 listing requires the state to prepare a Total Maximum Daily Load (TMDL) analysis, with the goal of ensuring that the impaired water body will attain water quality standards (WDOE 2009 ). In addition to pH, the Entiat River is also listed in the 2008 WDOE Water Quality Assessment as a "category 4B" impaired water body for water temperature. A category 4B listing recognizes a water quality problem that is being solved by a pollution control program; therefore a TMDL analysis is not required (WDOE 2009) . Within this context, The U.S. Forest Service, PNW Research Station, in partnership with ISEMP, is testing an approach to subbasin-scale status and trend monitoring of fundamental water quality parameters of interest to salmon recovery (pH, water temperature, dissolved oxygen, and specific conductivity) in the Entiat River subbasin. The value of these data sets will increase and conclusions will become more robust as the length of record increases.
Methods and materials

Project area
The Entiat River drains approximately 1100 square kilometers (425 square miles) of the eastern slope of the central Cascade Mountains in Washington State, and is a tributary to the Columbia QA/QC testing with a reference instrument Instrument installation was followed by a period lasting approximately one month of very frequent field visits to check and adjust instrument function and calibration. Following this initial period, instruments and batteries were inspected and data downloaded at one to two week intervals. During each site visit a fifth instrument, calibrated before and after use, was used as a portable, hand-held reference for checking field instrument data. Field-deployed sensors were recalibrated whenever deviation from reference data exceeded a predefined standard (Table 3) . (Table 3) , then the field sensor was recalibrated. 4. In addition, sensor calibration was done under the following conditions: a. Consistent, but within threshold, deviation from the reference for a sustained period b. Disturbance to the instrument, e.g. sedimentation or biofouling c. Sensor performance outside manufacturer's recommendation Calibration Instruments were designed to accommodate field calibration at ambient, on-site temperature, elevation, and barometric pressure, thereby improving accuracy of DO saturation measurements relative to calibration at an off-site lab. Because these instruments remained on site during calibration, interruption of data collection was minimized. All calibrations and testing were done using the manufacturer's software and specifications, thereby meeting or exceeding the manufacturer's QA/QC guidelines (In-Situ 2009).
pH: A two-point pH calibration was done using pH 7 and 10 buffer solutions, thereby spanning the expected range of pH in the Entiat and Mad Rivers. The reference sensor was calibrated in the lab before each day of field checks, and a one-point pH 7 check was done at the end of the day. If this reading deviated from the standard by more than 0.2 pH units (the threshold deviation), then the reference readings for that day were not used. If the pH calibration parameters (slope, offset, and response) were outside the manufacturer's recommended range, then the sensor required maintenance or replacement.
Temperature: Temperature sensors were not designed for user calibration. Therefore they were replaced if deviations from the reference sensor were not within standards.
Dissolved oxygen:
A vented cable and integrated temperature sensor allowed the optical DO sensor to incorporate real-time barometric pressure and temperature into the calculation of percent oxygen saturation. Therefore, maximum accuracy was achieved by calibrating both field and reference DO sensors in the field. The reference sensor was calibrated at the approximate median elevation of the field sites (the Ardenvoir gage). Two-point calibrations were done using solutions at 100% and 0% saturation. 100% saturation was obtained by bubbling air through deionized water. A solution of sodium sulfite provided 0% saturation. Following full calibration, the reference sensor was checked in a 100% oxygen-saturated solution immediately before and after each cycle of reference checks. If measurements deviated from the standard by more than 10%, then the reference DO sensor was recalibrated in the field and the reference DO readings for that day were not used.
Specific conductivity: A one-point specific conductivity calibration was done using a 147 µS/cm standard. The reference sensor was calibrated in the lab before and after each field day. Conductivity readings before and after each calibration were compared to check sensor performance. If end-of-the-day values deviated by more than 5 µS/cm, then the reference conductivity readings for that day were not used. If the cell constant (K cell ) for the conductivity sensor fell outside the manufacturer's recommended range (0.33 to 0.39), then the sensor required maintenance or replacement.
Data Processing
Time series of instantaneous data measured at 15-minute intervals and longer-term means or medians (pH) were examined to investigate short-and long-term temporal trends and the timing and longevity of water quality extremes. Spatial variation was interpreted by comparing results across the array of instrumented sites. Data of questionable quality included extreme outliers, erratic fluctuations, or extreme variability relative to surrounding data, and occurred as a result of ice effects, biofouling, or other factors. Such occurrences were flagged for detailed scrutiny. Data determined to be unreliable were treated as missing, and not included in reporting or analyses. However, data corrected for ordinary instrument drift, as determined through reference tests and field calibrations, were considered valid, first-quality data following Carroll et al. (2006) . All data, regardless of designations or adjustments, were recorded by category in the database along with notes regarding reference checks, calibrations, unreliable data, or other relevant issues.
Results
pH
In 2008 at all sites the highest median-monthly and median-daily pH values occurred during either the March-April or August-September period. Both periods are characterized by relatively low discharge and high exposure to solar radiation. A sharp drop in pH occurred during the high-flow, snowmelt runoff period from late spring through early summer (Table 4 , Fig. 1 ). Median-daily pH was generally similar at the North Fork and Ardenvoir gages, suggesting little change in the intervening 16 river miles. Similarly, during the early spring, prior to high snowmelt runoff, median-daily pH tended to be similar at the Entiat and Mad River gages, where it was consistently greater than at Ardenvoir or North Fork (Fig. 1) . Following the snowmelt peak runoff period, median-daily pH at the Mad River gage tended to be higher than at the Entiat gage, where pH tended to be higher in the spring than during the summer-fall period. At the other gages, median-daily pH before the spring snowmelt differed little from that afterward, despite higher summer and fall water temperatures ( Fig. 1 ).
Water temperature In 2008 water temperature began rapidly increasing during the receding limb of the annual snowmelt hydrograph. The highest mean-monthly and mean daily temperatures occurred in July and August (Table 4 , Fig. 2 ). Overall, the highest temperatures were measured at the Entiat gage, where mean-daily temperatures exceeded 20ºC during one brief period in August (Fig. 2) . Temperature at the Ardenvoir gage tended to be similar to that at the Mad River gage, although the rapid summertime temperature increase began earlier in the Mad River. At all sites, temperatures began to decrease in late August or early September, and fell to nearly 0ºC by December. Temperature was consistently lowest at North Fork, the farthest upstream gage (Table 4 , Fig. 2 ).
Dissolved oxygen Dissolved oxygen (DO) concentration is inversely related to water temperature. Accordingly, at all measurement sites the lowest concentrations were measured during the period from July through September, the months with highest water temperature and high biologic respiration (Table 4 , Fig. 3 ). Mean-daily DO less than 9 mg/l was unusual, but occurred at all sites other than the North Fork gage during one brief period in August. At the Entiat gage, mean-daily DO very briefly dropped below 8 mg/l during this same period (Fig. 3 ). Mean-daily DO concentration, expressed in percent saturation, remained high throughout the data collection period, never falling below 87% at any of the sites. Values less than 93% were unusual, occurring only a few days each year at all sites except the Mad River gage, where the lowest measurement was 95%.
Specific conductivity As with pH, specific conductivity (SC) decreased sharply during the annual snowmelt hydrograph. Accordingly, the lowest mean-monthly values occurred in May and June at all sites (Table 4) . Highest mean-daily SC occurred in the Mad River, where values exceeded 150 µS/cm (Fig. 4) . At the Entiat gage mean-daily specific conductivities were only slightly lower than at the Mad River gage, but otherwise similar. Mean-daily specific conductivities at the Ardenvoir and North Fork gages were markedly lower than at the Mad and Entiat gages. Values were generally lowest at the North Fork gage. Daily means did not exceed 60 µS/cm at Ardenvoir or 50 µS/cm at North Fork (Fig. 4) . 
